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Abstract 
The sugar industry is pursuing diversification options using bagasse as a 
feedstock.  Depithing, the removal of the smaller bagasse particles, is an 
integral part of the manufacturing processes for bagasse by-products such 
as pulp and paper.  There are possible environmental and economic 
benefits associated with incorporating depithing operations into a sugar 
factory.  However there have only been limited investigations into the 
effects of depithing operations on a sugar factory boiler station.  This 
paper describes a modelling investigation, using the lumped parameter 
boiler design tool BOILER and the CFD code FURNACE, to predict the 
effects of pith, depithed bagasse and mixed bagasse/pith firing on the 
efficiency, fuel consumption and combustion performance of a typical 
sugar factory boiler. 
 
Introduction 
Over the long term, diversification is expected to make the sugar industry more 
profitable and resilient.  A manufacturing operation located at or near a sugar factory 
has several advantages such as access to low cost steam, electricity and feedstock 
(bagasse).  Depithing, the removal of the smaller bagasse particles, is an integral part 
of the manufacturing processes for bagasse by-products such as pulp and paper.  
There are no bagasse pulp and paper plants attached to any Australian sugar factory.  
High initial capital costs may be an impediment to diversification such as pulp and 
paper.  These capital costs can be reduced by minimising the changes required to the 
adjacent sugar factory.  A depithing operation will affect the quantity and quality of 
fuel being sent to the boiler station.  It is important to consider how these changes will 
affect boiler performance and whether additional expenditure on boiler modifications 
and fossil fuel will be necessary. 
Background 
Most investigations have found that pith has higher ash and moisture contents than 
whole bagasse (Atchison, 1980).  Consequently pith has a lower calorific value than 
whole bagasse.  This lower calorific value would adversely affect combustion 
performance.  However the smaller size of pith particles and therefore greater specific 
external surface area relative to whole bagasse would lead to increased rates of pith 
particle heat up, drying and burnout relative to particles in whole bagasse which 
  
would be expected to enhance combustion performance.  To determine whether the 
negative influence of lower calorific value or the positive influence of smaller particle 
size dominates would require full scale combustion trials in a sugar factory boiler. 
 
Depithed bagasse would have a higher calorific value but larger average particle 
size than whole bagasse.  Again, full combustion trials would be required to 
determine whether the positive effect of higher calorific value outweighs the negative 
effect of larger particle sizes. 
Procedure 
Full combustion trials in a sugar factory boiler were beyond the scope of this 
project so modelling, using the lumped parameter boiler design tool BOILER (Dixon 
et al., 1998) and the Computational Fluid Dynamics (CFD) code FURNACE (Boyd 
and Kent, 1986; Luo et al., 1993), was carried out to predict the effects of pith, 
depithed bagasse and mixed bagasse/pith firing on the efficiency, fuel consumption 
and combustion performance of a typical sugar factory boiler.  The decommissioned 
Pleystowe Mill No. 2 boiler was chosen as a representative sugar factory boiler for 
this study because it is similar to many operating boilers and it has been studied 
extensively by many researchers (Dixon, 1984; Luo et al., 1997; Woodfield et al., 
1997).  It has a stationary pinhole grate, single pass convection bank and a flue gas air 
heater. 
 
The different fuel firing cases modelled in this work are summarised in Table 1.  
In all simulations the boiler was assumed to be operating at its maximum continuous 
rating of 150 t/h.  The bagasse moisture content of 50% in Table 1 is a typical final 
bagasse moisture content and the pith moisture content of 53% is based on a typical 
difference between the bagasse and pith moisture contents reported in the literature 
(Atchison, 1980).  The moisture content of depithed bagasse of 48% in Table 1 was 
calculated from the bagasse and pith moisture contents with the assumption that pith 
is the smallest 40% (by mass) of whole bagasse.  The ash contents of whole bagasse, 
pith and depithed bagasse in Table 1 were based on measurements (O'Hara et al., 
2011) carried out at Queensland University of Technology (QUT). 
Table 1 – Modelled fuel firing cases. 
Fuel properties Case 
Moisture content 
(% as received) 
Ash content 
(% as received) 
Gross calorific value 
(kJ/kg) 
Bagasse 50.00 4.60 8 929 
Pith 53.00 8.46 7 580 
Depithed bagasse 48.00 2.03 9 828 
Bagasse/pith mixture 50.34 5.04 8 777 
 
If a depithing operation were incorporated into a sugar factory, one of the more 
likely modes of operation would be to depith the surplus bagasse being sent to the 
stockpile for storage.  The depithed bagasse would be stored in the stockpile and the 
pith would be combined with the main bagasse stream from the final mill and sent to 
the boilers.  For a typical 52% steam on cane factory with 61.5% boiler station 
efficiency and the smallest 40% (by mass) of the surplus bagasse being removed as 
pith and being combined with the bagasse being sent to the boilers, the pith being sent 
to the boilers would constitute approximately 11.3% (by mass) of the boiler fuel.  The 
  
bagasse and pith properties in Table 1 were combined using this ratio to calculate the 
properties of the bagasse/pith mix in Table 1. 
The FURNACE CFD code approximates the motion of fuel particles through a 
boiler by tracking the trajectories of representative particles.  The modelled size 
distributions for each of the fuel firing cases are shown in Table 2. 
Table 2 – Modelled size distributions (mass fractions %) for each of the fuel firing cases. 
Case Particle diameter (µm) 
 181 378 668 1356 2766 3028 
Bagasse 32.18 31.05 17.07 17.20 2.10 0.40 
Pith 62.38 36.04 1.58 0.00 0.00 0.00 
Depithed bagasse 0.10 59.20 20.00 14.20 4.30 2.20 
Bagasse/pith mixture 35.18 31.05 17.07 14.20 2.10 0.40 
 
The BOILER model was used to predict the effect of moisture content, ash 
content and calorific value on the efficiency and fuel consumption of the Pleystowe 
Mill No. 2 boiler producing 150 t/h of steam for each of the fuel firing cases.  In this 
modelling it was assumed that the flue gas oxygen concentrations, the unburnt carbon 
monoxide losses and the undetermined losses were the same for each of the fuel firing 
cases.  The fuel and air flows calculated by the BOILER model were used as inputs to 
a FURNACE CFD representation of the boiler for each of the fuel firing cases.  The 
FURNACE code predicted the gas velocity, gas temperature, particle trajectories and 
fuel burnout for each fuel firing case.  The predicted fuel burnouts were used to revise 
the BOILER model representations of each of the fuel firing cases.  The bagasse and 
air flows calculated by this revised BOILER model were then used to update the 
FURNACE simulation of the boiler for each case.  It was found that the burnouts 
predicted by the updated FURNACE simulations of the Pleystowe Mill No. 2 boiler 
were very similar to the burnouts predicted by the original CFD simulations of the 
boiler indicating no further iterations were warranted. 
Results 
Figures 1, 2 and 3 show side elevation views of the predicted gas velocity, gas 
temperature and particle trajectory distributions through the Pleystowe Mill No. 2 
boiler when firing with bagasse.  The main flow with the higher gas velocities and gas 
temperatures is towards the rear wall of the furnace.  There are some high temperature 
regions on the grate (Figure 2) that correspond to the burning of the larger bagasse 
particles (shown in green in Figure 3).  In this and most other bagasse boilers 
combustion occurs primarily in suspension but the small amount of combustion that 
occurs on the grate has a piloting effect on the main flame in the furnace.  Without a 
small amount of combustion occurring on the grate, unstable operation of a boiler can 
occur. 
  
 
Fig 1 – Side elevation of the predicted gas velocity (m/s) distribution through the Pleystowe 
Mill No. 2 boiler with bagasse firing. 
 
Fig 2 – Side elevation of the predicted gas temperature (°C) distribution through the 
Pleystowe Mill No. 2 boiler with bagasse firing. 
  
 
Fig 3 – Side elevation of the predicted particle trajectory distribution through the Pleystowe 
Mill No. 2 boiler with bagasse firing. 
The predicted gas and particle flow patterns are markedly different when the 
boiler is fired with pith only.  This is seen in the gas velocity, gas temperature and 
particle trajectory plots (Figures 4, 5 and 6).  The main flame is predicted to be near 
the roof of the furnace and virtually no combustion is predicted to occur on the grate.  
Boiler operation with pith firing is likely to be very unstable because predicted gas 
temperatures in most of the furnace are very low.  The low gas temperatures in much 
of the furnace would also increase the likelihood of explosions in the furnace due to 
the build up of unburnt volatile matter.  Based on these modelling results, it is very 
unlikely the boiler could successfully operate with pith only firing without changes to 
the boiler fuel and air injection systems. 
  
 
Fig 4 – Side elevation of the predicted gas velocity (m/s) distribution through the Pleystowe 
Mill No. 2 boiler with pith firing. 
 
Fig 5 – Side elevation of the predicted gas temperature (°C) distribution through the 
Pleystowe Mill No. 2 boiler with pith firing. 
  
 
Fig 6 – Side elevation of the predicted particle trajectory distribution through the Pleystowe 
Mill No. 2 boiler with pith firing. 
Figures 7, 8 and 9 show side elevation views of the predicted gas velocity, gas 
temperature and particle trajectory distributions through the Pleystowe Mill No. 2 
boiler when firing with depithed bagasse.  As the smaller particles have been 
removed, depithed bagasse has a larger average particle size than normal bagasse and 
as a consequence particle drying takes longer and the main flame is slightly higher 
and closer to the rear wall of the furnace (Figure 8) than with normal bagasse firing 
(Figure 2).  The flame is still nowhere near as high in the furnace as predicted for pith 
only firing (Figure 5).  As expected, there is still predicted to be a small amount of 
combustion occurring on the grate with depithed bagasse firing.  The predicted 
temperature distribution in Figure 8, with the flame higher and closer to the rear wall 
of the furnace, suggests that without the energy from the combustion of the smaller 
particles assisting with the drying and combustion of the larger particles, the ignition 
of the larger particles is delayed.  This could adversely affect combustion stability. 
 
Side elevation views of the predicted gas velocity, gas temperature and particle 
trajectory distributions through the Pleystowe Mill No. 2 boiler when fired with a 
mixture of 88.7% bagasse and 11.3% pith are shown in Figures 10, 11 and 12.  While 
the position of the main flame is predicted to be slightly closer to the rear furnace wall 
when the boiler is fired with the mixed fuel, the flow patterns are very similar to those 
for bagasse firing.  The results show that with this relatively low proportion of added 
pith to the bagasse, there is relatively little effect on the combustion performance of 
the boiler. 
  
 
Fig 7 – Side elevation of the predicted gas velocity (m/s) distribution through the Pleystowe 
Mill No. 2 boiler with depithed bagasse firing. 
 
Fig 8 – Side elevation of the predicted gas temperature (°C) distribution through the 
Pleystowe Mill No. 2 boiler with depithed bagasse firing. 
  
 
Fig 9 – Side elevation of the predicted particle trajectory distribution through the Pleystowe 
Mill No. 2 boiler with depithed bagasse firing. 
 
Fig 10 – Side elevation of the predicted gas velocity (m/s) distribution through the Pleystowe 
Mill No. 2 boiler with bagasse/pith mixture firing. 
  
 
Fig 11 – Side elevation of the predicted gas temperature (°C) distribution through the 
Pleystowe Mill No. 2 boiler with bagasse/pith mixture firing. 
 
Fig 12 – Side elevation of the predicted particle trajectory distribution through the Pleystowe 
Mill No. 2 boiler with bagasse/pith mixture firing. 
  
Table 3 compares the predicted combustion performance and efficiency of the 
Pleystowe Mill No. 2 boiler with bagasse, pith, depithed bagasse and bagasse/pith 
mixture firing. 
Table 3 – Predicted combustion performance and efficiency of the Pleystowe Mill No. 2 boiler 
operating at 150 t/h steam load with bagasse, pith, depithed bagasse and bagasse/pith 
mixture firing. 
 Bagasse Pith Depithed 
bagasse 
Bagasse/pith 
mixture 
Burnout (%) 97.8 99.9 98.1 98.1 
Efficiency loss components     
 Dry gas 8.20 8.89 7.94 8.28 
 Fuel moisture 15.63 19.59 13.57 16.02 
 Combustion moisture 8.00 8.03 7.96 8.00 
 Air moisture 0.26 0.28 0.25 0.26 
 Radiation 0.34 0.33 0.34 0.34 
 Carbon monoxide 0.12 0.12 0.12 0.12 
 Unburnt solid fuel 3.88 0.10 3.31 3.43 
 Unaccounted and minor losses 0.73 0.82 0.68 0.73 
Boiler efficiency (GCV1 basis) 62.84 61.84 65.83 62.82 
Fuel consumption (t/h) 70.72 84.80 61.10 71.98 
1 Gross Calorific Value 
 
The predicted burnout when firing pith only is almost 100%, which is much 
higher than for the other fuel firing cases.  The smaller size and therefore greater 
specific surface area of pith increases the rates of particle heat up, drying and 
combustion.  This outweighs the higher modelled moisture and ash contents of pith 
leading to significantly higher burnout with pith only firing.  With pith only firing the 
predicted dry gas and moisture losses are much higher than for all the other cases.  
The increase in these losses is more than the reduction in unburnt solid fuel losses due 
to the higher burnout.  Consequently, pith only firing is predicted to give the lowest 
boiler efficiency of the modelled cases.  The low boiler efficiency, coupled with the 
low calorific value of pith makes the predicted fuel consumption of the boiler when 
firing only pith the highest of the modelled cases.  The high rate of pith fuel 
consumption and high pith ash content would also lead to increased boiler operational 
problems such as wear of boiler tubes and wall slagging.  Note that pith only firing is 
not part of the operational strategy for a depithing operation and is shown in this 
paper for comparison only. 
When firing depithed bagasse the predicted dry gas and moisture losses are lower than 
for the other cases.  The predicted burnout is also slightly higher than for bagasse only 
firing which suggests the lower moisture and ash contents of the depithed bagasse 
relative to normal bagasse more than compensate for the combustion in the furnace 
occurring closer to the rear wall.  Depithed bagasse firing is also predicted to give the 
highest boiler efficiency and lowest fuel consumption of all the modelled cases.  All 
these results can be attributed to the lower moisture and ash contents of depithed 
bagasse. 
 
When the boiler is fired with a mixture of bagasse and pith the predicted 
burnout increases slightly relative to the bagasse only firing case.  However the 
predicted dry gas and moisture losses increase slightly relative to the bagasse only 
  
firing case.  The net effect of the mixed fuel firing is a slightly lower boiler efficiency 
and higher fuel consumption than for the bagasse only firing case. 
Conclusions 
These modelling results show that pith only firing of a boiler operating at full 
steam load, while giving very high burnout, is likely to lead to unstable combustion 
and possible boiler explosions and is not recommended unless changes to the boiler 
firing systems are made.  Pith only firing is predicted to give the lowest boiler 
efficiency and highest fuel consumption of the modelled cases. 
Due to the lower moisture and ash contents of depithed bagasse relative to 
normal bagasse, depithed bagasse firing is predicted to give increased boiler 
efficiency and reduced fuel consumption.  The larger average particle size of depithed 
bagasse is predicted to increase average drying times and cause the main flame to be 
slightly higher and closer to the rear wall of the furnace. 
If the pith removed from bagasse being sent to the stockpile in a typical sugar 
factory is co-fired with bagasse giving a fuel mixture of 88.7% bagasse and 11.3% 
pith, the modelling predicts there will only be a small reduction in boiler efficiency 
and small increase in fuel consumption.  Furnace combustion performance with this 
bagasse/pith mixture should be very similar to that with bagasse only firing. 
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